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This invention relates to certain copolymerizable mix-
tures of unsaturated halogenated cyanurates or isocyan-
urates with unsaturated polyesters and the polymeriza-
tion products thereof.

Thermosetting unsaturated polyester resins, in general,
have stability against only a limited number of influences
of a deleterious nature. Frequently when one of these
resins is modified to build up its stability against one
factor, there is a loss in resistance against one or more
‘other factors which are also encountered, For example,
flame resistant polyester resin compositions, especially
those containing chlorine or other halogens, usually have
poor stability to ultraviolet light, that is they readily dis-
color upon prolonged exposure to intense sunlight. Al-
though widely used, general purpose resins show poor
resistance to aging at elevated temperatures. On the
other hand, resins noted for having good retention of
flexural strength upon prolonged heat aging often display
one or more undesirable characteristics as to flammability,
excessive brittleness, cracking and crazing excessively on
the surface, or in shrinking excessively as they cure.
Also some of these plastic materials are subject to such
‘violent exothermic reactions during polymerization re-
actions that spontaneous combustion occurs. Accord-
ingly, it is not strange that there is continuing demand
for new polyester resin compositions and especially those
which demonstrate improved resistance to severe condi-
tions of usage.

An object of the invention is to provide new thermo-
setting resinous compositions.

Another object of the invention is to provide new co-
polymers.

A further object of the invention is to provide improved
flame-resistant resins.

Still another object of the invention is to provide flame-
resistant resins having improved stability to other de-
leterious influences.

A still further object of the invention is to provide im-
proved resins having balanced resistance to heat, flame,
crazing, shrinkage and ultraviolet light.

Other objects and advantages of the invention will be
apparent to those skilled in the art upon consideration of
the detailed disclosures hereinbelow.

The present invention comprises the copolymeric prod-
ucts of as well as polymerizable mixtures of one or more
unsaturated linear polyesters, polyhydric alcohols and
alpha-beta ethylenically unsaturated polycarboxylic acid
with one or more copolymerizable halogenated esters,
which esters in their monomeric form prior to halogen-
ation are organic esters of cyanuric and isocyanuric acids
-with at least 2 alkenyl radicals of the group consisting of
-allyl and methallyl radicals. The halogenated triallyl
cyanurate and halogenated diallyl monoalkyl cyanurates
-having 1 to 22 carbon atoms in the alkyl group appear
to have the widest utility. Although chlorinated and
brominated esters are preferred, the novel resin mixtures
may contain unsaturated iodine or fluorine esters of. the
designated : class. o
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A few of the many suitable new halogenated unsatu-
rated esters are chlorinated -trimethallyl cyanurate, bro-
minated triallyl isocyanurate, iodated trimethallyl isocy-
anurate, fluorinated triallyl cyanurate, chlorinated -2~
amino-4,6-dialloxy-1,3,5-triazine, brominated diallyl meth-
allyl cyanurate, chlorinated 2-butylamino-4,6-dimethal-
loxy-1,3,5-triazine, chlorinated methyl allyl methallyl iso-
cyanurate, brominated 2 - ethylamino - 4,6 - dimethalloxy-
1,3,5-triazine, brominated -2- hydroxy -4,6- dialloxy-1,3,5-
triazine, brominated -2- ethoxy - 4,6 - dimethalloxy-1,3,5-
triazine, chlorinated diallyl octyl cyanurate, brominated
diallyl lauryl cyanurate, chlorinated diallyl octadecyl
cyanurate, etc. These esters are generally present -as
mixtures rather than as single compounds by reason of the
preparatory methods involved. '

The preparation of the unhalogenated unsaturated cyan-
uric and isocyanuric acid esters is known in the art and
accordingly need not be detailed here. Halogenation of
these is accomplished by contacting the liquid unsaturated
ester with a gaseous, liquid or solid halogen while em-
ploying some form of cooling to control the reaction
temperature. ‘This is desirably followed by the applica-
tion of a vacuum to the crude product to remove volatiles
which might cause blistering in polymerization. It is
necessary that the esters retain some degree of unsatura-
tion in order that they may be effective cross-linking agents
for the unsaturated alkyd component, and this should
generally amount to about 0.75 to about 2.5 double bonds
per monomeric cyanurate or isocyanurate ring. Accord- .
ingly, the quantity of combined halogen is preferably of
the order of about 0.5 to about 2.25 mols of combined
halogen per monomer unit. The reaction temperature
is desirably between about 0° C. and about 55° C. It
appears that higher temperatures promote the formation
of polymers in the product. Nevertheless, some poly-
meric material is always present in the product of the
halogenation reaction. These polymers are customarily
of a rather low order such as dimers, trimers, etc. More-
over, the monomeric portion of the reaction product can
be readily isolated by extraction with a suitable solvent
such as hexane or petroleum ether, which does not dis-
solve the polymeric fraction. -

The monomer has special utility in those applications

-where its low viscosity is necessary or desirable. These

novel halogenated esters per se are disclosed and claimed
in my pending application, Serial No. 631,417, filed De-
cember 31, 1956. : ’

The alkyd components of the new resin compositions
are unsaturated linear polyesters derived from a poly-
hydric alcohol and an olefinically or ethylenically un-
saturated polycarboxylic acid, dihydric alcohols and: di-
carboxylic acids or anhydrides being the preferred cate-
gories, ) o :

Among the many suitable polyhydric alcohols are
ethylene glycol, diethylene glycol, propylene glycol, di-
propylene glycol, trimethylene glycol, tetramethylene gly-
col, pinacol, arabitol, xylitol, dulcitol, adonitol, mannitol,
glycerol, trimethylol propane, trimethylol ethane, sorbitol,
1,1"-isopropylidene bis(p - phenylenoxy) di- 2 - propanol,
pentaerythritol, dipentaerythritol, and alkanediols as ex-

emplified by butanediol-1,2, butanediol-1,3, butanediol- "

1,4, pentanediol-1,2, pentanediol-1,4, pentanediol-1;5, hex-

anediol-1,6, and the like. . It is usually desirable that a di- Ei

hydric alcohol be employed in major proportion relative
to any alcohols containing more than two hydroxy groups
which may be used in forming the polyester. ; 2

Another essential reactant in forming the present un-o

. saturated alkyds is a polycarboxylic acid. The ‘expres-:

70

sions “polycarboxylic acids” and “dicarboxylic acids”are
used ‘herein in their broader sense to include available
similarly reacting anhydrides such as maleic and ‘phthalic

anhydrides. Among the suitable alpha, beta-ethylenic'ally
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unsaturated acids are maleic, fumaric, aconitic, itaconic,
citraconic, mesaconic, chloromaleic, carbic, etc., acids,
and mixtures thereof. Substantial amounts of acids free
of noun-benzenoid unsaturation may also be used, but the
alpha, beta-ethylenically unsaturated acids should be pres-
ent in an amount approximating at least 5% by weight of
the total weight of the polycarboxylic acids used. Fre-
quently the olefinic or ethylenically unsaturated acids
amount is between about 25% and 65% by weight on
the same basis. FExamples of polycarboxylic acids free
of non-benzenoid unsaturation include phthalic, oxalic,
malonic, succinic, glutaric, sebacic, adipic, pimelic,
suberic, azelaic, tricarballylic, citric, tartaric and malic
acids, and mixtures thereof.

~ In the preparation of the polymerizable unsaturated
polyesters, one may use the polyhydric alcohols and the
polycarboxylic acids in substantially equimolar propor-
tions; but an excess of the alcohol approximating 10 or
15% above the stoichiometric quantity required for com-
plete esterification of the acid is preferred. Where a poly-
hydric alcohol containing more than two hydroxy groups
or a polycarboxylic acid having more than two carboxyl
groups is used, the proportions of reactants should be
adjusted accordingly to provide for esterification of these
additional reactive groups. The alcohol and acid should
be reacted sufficiently to produce an ultimate polyester
resinous material having an acid number not greater than
about 55 and usually an acid number from about 35 to
about 40 for most purposes.

The well-known thermosetting unsaturated polyester
resins and their preparation are disclosed in detail in U.S.
Patents Nos. 2,255,313, 2,632,751 and 2,443,735 to 2,-
443,741, inclusive, which are incorporated herein by refer-
ence with the exception that some of the cross-linking
monomers named there are not suitable for use here. The
unsaturated polyester content of the new compositions
may range from about 20 to about 80% of the total
weight of copolymerizable material depending on the
particular qualities desired in the final resin. For the
majority of purposes, it is recommended that about 60
to about 40 parts by weight of the unsaturated alkyd resin
be dissolved in 40 to 60 parts of the polymerizable un-
saturated halogenated ester. The greater the contact of
the latter, the greater the flame resistance of the final
cured resin,

There are a number of surprising effects and unpredict-
able advantages which are obtained with the novel com-
positions. One would ordinarily believe that the sub-
stantial halogen content introduced with the cross-linking
esters of cyanuric and isocyanuric acids would produce a
number of quite undesirable effects including rendering
the copolymeric resins extremely sensitive to discolora-
tion by ultraviolet light and impossible to stabilize with
the usual ultraviolet absorbing agents. In actual fact, the
.opposite is true. Contrary to expectations, the combined
halogen here is unusually stable unlike past experience
with polyesters, a notable example being alkyds prepared
with tetrachlorophthalic anhydride. A high degree of
flame resistance is obtained as indicated by an extremely
low burning rate when samples of the new resins are
held against an incandescent bar maintained at about 950°
C. and also by the self-extinguishing characteristics dis-
played as soon as that bar is removed. Heat resistant, but
not flame resistant, resins have been formulated in the
past using unsubstituted triallyl cyanurate to cross-link
unsaturated alkyd components but with a distinct sacrifice
in a number of other properties. Also, the new chlori-
nated materials produce certain advantages upon copoly-
merization. Most important of these are lower exotherm,
lower shrinkage and significantly reduced surface crazing
when one contrasts the novel chlorinated triallyl cyanu-
rate-alkyd copolymers with the same alkyd cross-linked
with polytriallyl cyanurate; and it must be remembered
that the latter is also quite combustible. Further, it is sur-
prising that these polymers have the same resistance to
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4
degradation upon aging at 500° F. despite the very sub-
stantial reduction in unsaturation in the chlorinated cy-
anurate employed. Also, the color of the novel hardened
resins is distinctly and desirably lighter than their counter-
part polyesters which are cross-linked with unhalogenated
allyl cyanuric esters.

The good physical properties of the new resinous com-
positions endow them with broad utility in many fields
including use as coating and film-forming materials, ad-
hesives, binding agents, impregnating agents, molding
compositions, laminating and casting resins and in rein-
forced plastic articles such as corrugated and flat struc-
tural panels.

The conventional additives of the prior polyester resin
art may be used with the novel resins and generally it is
recommended that they be employed in the usual quan-
tities. Many of these are disclosed in the aforemen-
tioned U.S. patents and thus need not be set forth here
in detail except to mention that such additives include
promoters for use in conjunction with a catalyst to in-
duce gelation or at least partial curing at room tempera-
ture or even lower as exemplified by cobalt naphthenate
as well as benzamidine hydrochloride or ethylene guana-
dine hydrochloride, either alone or in combination with
a mercaptan such as lauryl mercaptan; mold lubricants
such as zinc stearate and glyceryl monostearate; additional
fire-retardant agents including compounds containing phos-
phorus; fillers and reinforcements like asbestos, glass fibers,
alpha cellulose, clay, chopped textile fabrics, etc.; inhibi-
tors like hydroguinone to stabilize against premature gela-
tion; colorants such as compatible dyes and pigments; and
plasticizers.

As an optional ingredient of the new resin formulations,
an ultraviolet light absorbing agent may be included in
an amount ranging from about 0.05 to about 3.0% or
more based on the total weight of polymerizable matter,
0.2 to 1.0% being preferred, to eliminate or minimize
yellowing in the case of light-transmitting or light-colored
products. This additive is, of course, unnecessary for
dark resin formulations. The class of hydroxylated benzo-
phenones, including those containing other substituents, is
especially recommended since this group of compounds
does not undergo any color change upon absorbing ultra-
violet radiation. A few of the many suitable agents are
2,2’-dihydroxy-4-methoxybenzophenone, 2,2’-dihydroxy-4,
4’-dimethoxybenzophenone, 2-hydroxy-4-methoxybenzo-
phenone, 2-hydroxy-4’-methoxybenzophenone, 2-hydroxy-
4,4’-dimethoxybenzophenone, 2,4 - dihydroxybenzophen-
one, 2-hydroxy-5-salicylybenzophenone, and like com-
pounds.

The presence of a catalyst is usually desirable to effect
the polymerization of the novel unsaturated resins. Cata-
lysts of the well-known peroxide class are preferred. The
amount of the catalyst employed may vary over rather
wide limits to give varying catalyzed stability. Thus,
from about 0.1% to about 10% by weight, based on
the total weight of the polymerizable composition, may
be used. Preferably, from about 0.2 to about 2% by
weight of the catalyst, based on the total weight of the
polymerizable resinous composition, gives the desired re-
sults. A faster rate of cure usually results from increas-
ing the catalyst content within the aforementioned limits.
A few examples of the many suitable organic peroxide
catalysts are benzoyl peroxide, succinyl peroxide, acetyl
peroxide, methyl ethyl ketone peroxide, ditertiary butyl
peroxide, cumene hydroperoxide, tertiary butyl hydroper-
oxide, cyclohexanone peroxide, perbenzoic acid, peracetic
acid, anisoyl peroxide, toluyl peroxide, p-bromobenzoyl
peroxide, tertiary butyl perbenzoate, p-menthane hydroper-
oxide, pinane hydroperoxide, diisopropylbenzene hydro-
peroxide, tetiary butyl peracetate, 1-cyclohexanol-1-hy-
droperoxide, furoyl peroxide and chloracetyl peroxide or
any organic ozonide, such as diisopropylene ozonide, di-
isobutylene. ozonide or.a mixture of such substances may
be used as the curing catalyst. Other free radical type
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polymerization catalysts that may also be used are such
as a,c-azodiisobutyronitrile, the salts of inorganic per-

acids, ¢.g., ammonium persulfate, sodium persulfate and

the like. .

. Curing of any of the new liquid resin compositions
may be accomplished with or without added pressure in
the atmosphere or in closed molds at temperatures rang-
ing from about 10° C. up to 150° C. or even higher
temperatures as long as they are kept below the point
at which resin degradation commences. Where conven-
ient, it is often desirable to form the copolymers by heat-
ing the catalyzed resin-forming mass to between 90 and
about 120° C. for a period of about 10 to 90 minutes
to expedite production.

While gelation and sometimes curing may be accom-
plished at relatively low temperatures of the order of
room temperature, post-curing is often- highly desirable
to impart optimum physical properties especially in re-
spect to retention of flexural strength under prolonged
heat aging. This may be accomplished by further heat-
ing of the cured article after curing to the temperature
range of about 250° F. to about 500° F. either uniformly
or in a graduated series of steps over a period occupying
about 6 hours.” This post-curing is usually performed,
with the article in an oven, and pressure or clamping
are not necessary.

Although the halogenated ester components of the novel
resins are not compatible with all other cross-linking sub-
stances, they may be used in conjunction with certain
compatible unsaturated cross-linking agents including
methyl acrylate, ethyl acrylate, methyl methacrylate, ethyl
methacrylate, and a wide variety of other acrylates such as
isobutyl acrylate, dodecyl acrylate, 2-chloroethyl acrylate,
cyclohexyl acrylate and the corresponding methacrylate
esters; allyl compounds, in general, such as diallyl phthal-
ate, tetrachlorodiallyl phthalate, allyl alcohol, methallyl
alcohol, allyl acetate, allyl methacrylate, diallyl carbon-

6
ually to avoid excessive frothing. A clear, pale straw-
colored viscous syrup is obtained with a viscosity meas-
ured at 25° C. of 98.5-148 poise and an iodine value:of
129. The chlorine content by weight is-determined-to
be 20.88% by analysis and 20.40% by increase in weight.
From these values, it is calculated that the ratio of chlo-
rine to triallyl cyanurate in the product is 0:92:1 on a
monomeric basis. The mols of unsaturation per mol

. of triallyl cyanurate is calculated to be 1.59 double bonds
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ate, allyl lactate, allyl alphahydroxy isobutyrate, allyl -

trichlorosilane,  allyl acrylate, diallyl malonate, - diallyl
oxalate, diallyl gluconate, diallyl methygluconate, diallyl
adipate, diallyl sebacate, diallyl citraconate, the diallyl
ester of muconic acid, diallyl itaconate, diallyl chloro-
phthalate, diallyl dichlorosilane, the diallyl ester of
endomethylene tetrahydrophthalic  anhydride, triallyl
tricarballylate, triallyl aconitate, triallyl citrate, triallyl
cyanurate, diallyl ethyl isocyanurate, triallyl phosphate,
trimethallyl phosphate, tetraalyl silane, tetraallyl silicate,
hexallyl disiloxane, and the like. It will of course be
understood that these compounds modify the character-
istics of the cured resins considerably and while certain
advantages may be derived therefrom; nevertheless, there
will be a distinct loss in certain qualities such as flame
resistance and strength-retention . characteristics in the
aging period depending on the amount of such compounds
employed. Thus, for most purposes, little or nothing is
to be gained by adding an extra cross-linking agent to
the resin compositions.

For a better understanding of the nature and objects
of the present invention, reference should be had to the
accompanying examples which are of an illustrative
rather than a limiting nature and in which all proportions
are expressed in terms of weight unless otherwise stated
therein.

Example 1

A charge of 4.83 mols of triallyl cyanurate is intro-
duced .into a closed reaction vessel equipped with an
agitator, a- thermometer and external cooling means.
With the charge subjected to constant agitation, chlorine
is bubbled into the liquid over a period of 4 hours while
maintaining . the reaction temperature between 40 and
-45° C. until a total of 5.46 mols of the gaseous chlorine
is taken up. Volatile matter, mainly allyl chloride, is
removed by applying a vacuum to the kettle for some-
what over 3 hours with the vacunm being applied grad-
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based on the iodine number and 2.08 based on the
weight of chlorine absorbed. This discrepancy in re-
sidual unsaturation is thought to be due to the forma-
tion of dimers or other low order polymers. The de-
gree of polymerization is estimated to be 24.3% from
the iodine number. ; )

A linear ethylene glycol maleate polyester is prepared
by heating 1.1 mols of the glycol per mol of maleic
anhydride in a closed reaction vessel at 190° C. until
the acid number drops to between 30 -and 35. This
polyester is divided into two portions, one of which is
mixed with an equal weight of unsubstituted triallyl cy-
anurate and tle other of which is blended with an equal.
weight of the chlorinated triallyl cyanurate product above
at a temperature of 65-70° C. The latter product is
a clear viscous syrup with a viscosity of about 1,000
poises. : :

Each of the two resin syrups is used to laminate 12
plies of No. 181 glass cloth having a No, 301 finish with
a curing cycle of 1 hour at 221° F. followed by a post-
cure of 4 hours at 400° F., 2 hours at 450° F. and 3
hours at 500° F. The laminate with a 33.5% content
of halogenated resin composition is found to have a
somewhat higher flexural strength after eight days of €x-
posure to 500° F. and also to have a distinctly lower rate.
of loss of flexural strength at this elevated temperature
than the laminate which contains 36% of the polyester
cross-linked with triallyl cyanurate. In addition, the
novel laminate displays vastly improved flame resistance
over the unchlorinated resin. Even more important is
the fact that the surface of the chlorine-containing lam-
inate is virtually unaffected by aging at elevated temper-
ature whereas the other laminate is badly crazed.

A modified exotherm test is carried out on the two lam-
inating resins in which a 5-gram sample is catalyzed with
0.1 gram of a paste consisting of equal weights of ben-
zoyl peroxide and tricresyl phosphate, The halogenated
cyanurate-polyester is found to have a peak exotherm of
131° C. in 20 minutes whereas the unhalogenated ‘resin
mixture reached a maximum of about 195° C. in about
8 minutes. It is apparent that the polymerization - of
the halogenated resin mixture is far more controllable
than that of the halogen-free resin syrup. S

The chlorinated and unchlorinated triallyl cyanurate-
unsaturated alkyd resin syrups are mixed with 1% by
weight of the above-phosphate-benzoyl peroxide mixture
and then cured in glass cells from the liquid to the solid
state at temperatures increased stepwise from 175 to
350° F. during a 30-hour period. The chlorinated co-
polymer is found to have an excellent shrinkage of only
7.6% and a Barcol hardness of 58-60, both of which
values are close to those of typical commercial general
purpose unsaturated - polyester- resin compositions con-
taining styrene. On the other hand, the unsaturated:
alkyd resin cross-linked with triallyl ‘cyanurate has“an

excessive shrinkage amounting to 11.1% and the 68-70 - -

hardness of the casting on the Barcol scale denotes éx-

treme brittleness. Upon_ applying a bar heated to 950° -

C. according to Test Method No. 7 of the American So-
ciety for Testing Materials, the halogenated resin cast.—v g
ing is found to have a low burning rate (0.18 inch/min= :
ute) and the flames disappear upon removal. of: the:hot

bar whereas the unhalogenated resin shows:a relatively

high burning rate (0.90 inch/minute). and the flames con~ -

tinue to consume the sample after the bar is withdrawn, -
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Example 2

A sample of chlorinated triallyl cyanurate was pre-
pared in the general manner of the preceding example
and the chlorine content was found to be 19.5%. 103
parts of this material is mixed with 212 parts of hexane
and heated to boiling. Next, the liquid mixture is al-
lowed to separate, and the supernatant hexane layer is
decanted. 'The remaining layer is extracted twice more
in 100-part portions of the hexane in the same manner.
Later after drying in a vacuum desiccator, the residue is
observed to be a gummy, viscous resin. The extracts
are combined and distilled under vacuum to strip off the
hexane and leave 50 parts of a free-flowing light-yellow
liquid product. This material is essentially monomeric
chlorinated triallyl cyanurate with a chlorine content of
17.94% as determined by the sodium fusion method.

An unsatorated linear alkyd resin is made by reacting
1.1 mols of 2,2-dimethyl propanediol-1,3 and 1 mol of
maleic anhydride in the manner set forth in the last ex-
ample. A liquid unsaturated polyester resin composition
of a thermosetting nature is formulated by intimately mix-
ing 70 parts of this alkyd with 30 parts by weight of the
monomeric chlorinated cyanuric ester. Products cast and
laminated acocrding to the directions given in Example 1
are found to have the same excellent physical properties in
general.

It is further observed that the viscosity of the compo-
sition is quite suitable even though the resin mixture con-
tains a much higher proportion of the more viscous com-
ponent, namely the alkyd resin.

Example 3

Chlorine is bubbled into 939 parts of triallyl cyanurate

while the reaction temperature is maintained at 30-35°
C. for 1.5 hours to produce a gain in the weight of the
liquid amounting to 153 parts. The clear, pale-colored
syrup is.concentrated under vacuum with heating to a
temperature eventually reaching 80-85° C. at an abso-
lute pressure of less than 1 mm. Hg. The viscosity of
the syrup is 5.5 poises at 25° C. and the iodine number
is 229 while the chlorine content amounts to 12.7%.
From this, the degree of polymerization was estimated as
being 3.0%.
_ An unsaturated alkyd is prepared by condensing 2.2
mols of propylene glycol with 1 mol of each of phthalic
and maleic anhydrides in the manner described in Exam-
ple 1 in formulating the resin composition for applica-
tion. 30 parts of this alkyd, 70 parts of the chlorinated
allyl compound described immediately above, sufficient
cobalt naphthenate to provide 0.016 part of cobalt as a
promoter, and 0.01 part of hydroquinone as an inhibitor
against premature gelation are thoroughly blended to-
gether. After prolonged storage at room temperature
without any ill effects, the resin is catalyzed by the addi-
tion of 1% of a 60% solution of methyl ethyl ketone
peroxide in dimethyl phthalate. Casting and laminates
are prepared in the manner described earlier except that
they are allowed to gel and cure overnight at room tem-
perature without the application of any external heat.
Upon postcuring these products in an oven in the man-
nper set forth in Example 1, it is found that the laminates
and castings display outstanding physical properties of
the same order as the products of Example 1.

Example 4

Chlorine is passed into triallyl cyanurate for 5 hours
with the temperature at 40-45°.C.; then for an additional
3 hours with the temperature at 50-55° C. with a total
of 560 parts of chlorine being absorbed. Next, the re-
action vessel is evacuated as described above for 3 hours,
and the product is heated during the final hour to 40-
45° C. This vacuum stripping treatment causes a weight
losg in the reaction mass of 42 parts. Assuming this
weight loss to.consist of allyl chloride, a by-product of
the reaction, it is calculated that product contains 1.95
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mols of combined chlorine per mol of triallyl cyanurate.
The viscous liquid is found to have an iodine number of
44.5 centigrams of jodine per gram of sample, and the
viscosity greater than 1066 poises. The mols of unsatura-
tion per mol of triallyl cyanurate charged is calculated to
be 0.68 based on the iodine number and 1.05 based on
the weight of chlorine taken up. The calculated degree
of polymerization based on the iodine number is 35.2%
by weight. A formulation suitable for laminating and
casting is prepared by mixing 60 parts by weight of the
above product with 40 parts of an unsaturated linear poly-
ester prepared in the usual manner employing 3 mols of
ethylene glycol, 2 mols of fumaric acid and 1 mol of iso-
phthalic acid. The fabricating and test procedures of
Example 1 are followed here and again it is observed
that the clear castings and glass reinforced laminates dis-
play excellent physical properties of substantially the
same nature as products of Example 1.

Example 5

Example 4 is repeated in full with two exceptions.
Trimethallyl cyanurate is substituted for triallyl cyanurate
on a mol for mol basis in the halogenation reaction. A
polymerizable liquid resin formulation is made up by
mixing this chlorinated ester and the polyester of Exam-
ple 4 in equal weights rather than the proportions used
formerly. Upon repeating the fabricating and test pro-
cedures of Example 1, the laminated and cast articles are
observed to display similar physical properties to the
product of Example 4, particularly in regard to flame re-
sistance and surface characteristics.

Example 6

The procedure of Example 3 is duplicated except for
two alterations. Ome is a substitution for triallyl cyanu-
rate of triallyl isocyanurate prepared according to Pat-
ent No. 2,536,849 in the same molar proportions. Also,
this halogenated isocyanurate and the propylene glycol
maleate-phthalate polyester are blended in equal weights
rather than the quantities utilized in the earlier example.
Castings and laminates prepared and tested according to
the procedure of Example 1 display similar physical prop-
erties in general, especially in respect to flame resistance
and surface characteristics, but their flexural strength at
elevated temperatures is below that of chlorinated triallyl
cyanurate like those of Example 1.

Example 7

Liquid bromine in the amount of 1 gram mol is added
dropwise to 1 mol of triallyl cyanurate in a glass labora-
tory flask over a period of 1 hour with constant stirring
to maintain the reaction temperature at about 25° C.
The reaction mixture gradually assumes a reddish-brown
color while the bromine is being added, but after all of
the bromine is in, that color slowly disappears as stirring
is continued. Then the reaction flask is evacuated to a
pressure of only a few millimeters of mercury with gentle
heating to remove the volatile matter. The resulting
brominated triallyl cyanurate is a yellowish viscous liquid.

The above liquid is blended with an equal weight of
a propylene glycol fumarate-phthalate polyester prepared
similarly to that of Example 1 by reacting 2.2 mols of
the glycol with a mol each of fumaric acid and phthalic
anhydride. When catalyzed and employed for laminating
glass cloth as described in Example 1, the laminate is
found to be free of crazing and to have a high degree
of flame resistance. In addition, it retains its flexural
strength well upon prolonged aging at 500° F.

Example 8

A mixture of compounds corresponding approximately
to diallyl monobutyl cyanurate is prepared by an ester-
interchange reaction in which 2 mols of n-butanol is

‘heated with 1 mol of triallyl cyanurate and about 0.025

mol of sodium methylate as a catalyst at a temperature
ranging from 99° C. to 107.5° C. over a period of about
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4.5 hours while about 1 equivalent of allyl alcohol is
allowed to distill off into a receiver. The reaction mix-
ture is neutralized with acetic acid and washed with
water to remove soluble salts. After stripping off un-
reacted butyl alcohol by vacuum distillation, a clear light
yellow colored syrup is obtained with an iodine value of
206.8. This corresponds to a residual unsaturation of
2.14 mols (2.14 olefinic double bonds) per mol of cyanu-
rate ester charged, and the remaining 0.86 mol represents
the combined butanol content.

Chlorine is bubbled at a rate of 500 ml./minute into
526 grams of the above butyl allyl cyanurate. The re-
action flask is surrounded by an ice-water bath to main-
tain the reaction temperature at 35-45° C., and the ad-
dition of chlorine is continued until a total of 141 grams
is taken up. A vacuum line equipped with a Dry Ice trap
is attached to the reaction vessel to remove volatile mat-
ter over a period of 25 minutes as the liquid reaction
mixture is gently heated to a maximum temperature of
48° C. A total of 28.7 grams of a water-white liquid,
corresponding to the exact weight loss of the reaction
mass, is removed from the trap and found to contain
about 67% allyl chloride by means of infra red analysis.
The product in the reaction mass is a yellow viscous
syrup with a viscosity 27.0-36.2 poises at 25° C. For
simplicity it may be called chlorinated diallyl butyl cy-
anurate based on the iodine number and the total percent
of chlorine. For each mol of triallyl cyanurate charged,
the product contains 0.86 mol of combined butanol, 0.935
allyl group and 0.85 mol of dichloro propyl group. It
may also be postulated that the remaining 0.355 radical
per mo! of original cyauuric ester is made up of

—CHy—CHCl—CHy—CHCI—CHj-radicals

linking the cyanuric acid rings in low order polymers.
This would explain the high viscosity of the above prod-
uct and also account for the greater theoretical or calcu-
lated degree of unsaturation based on simple beta-gamma
addition of chlorine to the double bonds than the lower
value based on the actual iodine value determinations.
To form a laminating syrup the chlorinated diallyl
butyl cyanurate is mixed with an equal weight of the
ethylene glycol maleate alkyd of Example 1 to produce
solution with a viscosity of 1066 poises at 25° C. Next,
0.5% by weight of benzoyl peroxide and 0.5% of tri-
cresyl phosphate are added to catalyze the resin. A type
181 glass cloth having a type 301 finish is immersed in
the catalyzed syrup; then 12 plies of the cloth are assem-
bled in the press and cured for 1 hour at 105° C. fol-
Jowed by removal from the press and postcuring in an
oven for 1 hour at 250° F., 1 hour at 350° F., 1 hour at
425° F. and finally 2 hours at 500° F. in sequence. The
resulting laminate has excellent surface characteristics with
no indication whatsoever of crazing. In addition, it dis-
plays outstanding retention of flexural strength and modu-
lus upon prolonged aging for 192 hours at the extremely
high temperature of 500° F. In this severe test, the flexu-
ral strength is found to be 23,300 p.s.i. and the flexural
modulus is calculated to be 2.3 X 10-8, The laminate has
a low burning rate in the A.S.T.M. test and proves to be
self-extinguishing upon withdrawal of the heated bar.
A comparative laminate is prepared in exactly the
same fashion except that the unhalogenated diallyl butyl
cyanurate ester is employed giving a less viscous -poly~
ester composition (98.5-148 poise viscosity) . This lami-
nate is found to be combustible with a relatively high
burning rate with no self-extinguishing qualities in the

AS.T.M. test and the flexural strength of 25,200 p.s.i. -

and flex modulus of 2.4 108 indicate that halogenated
component of the novel compositions provide very sub-
stantial flame retardance with only a very minor and ac-
ceptable loss in the excellent heat resistance which is
obtainable with the unhalogenated cyanuric ester.
Another control laminate is made in exactly the same
manner using unsubstituted triallyl cyanurate and the
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same éthylene glycol meleate polyester under the same
conditions' to obtain a laminate which not only has'a
slightly lower flexural strength of 21,000 p.s.i. on heat

. aging, but also proves to have a high burning rate and to

lack - self-extinguishing -characteristics in the A.S.T.M.
burning rate test. This laminate is observed to be of .
considerably darker color than that prepared with the
halogenated ester.

"It is surprising that the halogenated resin composi-
tions of the present invention are able to maintain the
highly desirable heat resistance so well even though un-
saturation is reduced by as much as about two-thirds
and meanwhile gain the important feature of flame re-
sistance. .

While there are above disclosed only a limited num-
ber of embodiments of the compositions of the present,
it will be understood by those skilled in the art that many
other embodiments also will fall within this inventive
scope. Accordingly, it will be understood that the pres-
ent invention is not limited to the details disclosed above
unless expressly recited in the appended claims or re-

“quired by the prior art.

I claim:

1. A composition of matter which comprises an ad-
mixture of from about .20 to 80 parts of (1) an unsat-
urated linear polyester of a polyhydric alcohol and an
alpha, beta-ethylenically unsaturated dicarboxylic -acid
having an acid number less than about 55, and corre-
spondingly from about 80 to 20 parts of (2) a halogena-~
tion product obtained by reacting a triester of an acid
selected from the group consisting of cyanuric and iso-
cyanuric, wherein the alcoholic moiety of said ester con-
stitutes radicals selected from the group consisting: of
alkyl, allyl and methallyl, and wherein at least 2 of said
radicals are alkenyl, with a halogen until the amount of
combined halogen is from about 0.5 to 2.25 mols per
mol of the ester, said halogenation product containing
residual ethylenic unsaturation.

2. A composition of matter according to claim 1 in
which said halogenation produce comprises halogenated
triallyl cyanurate.

3. A composition of matter accordlng to claim 1 in
which said halogenation product comprises halogenated
trimethallyl cyanurate.

4. A composition of matter accordmg to claim 1 in
which said halogenation product comprises halogenated
triallyl isocyanurate.

5. A composition of matter accordmg to claim 1 in
which said halogenation product comprises halogenated
diallyl alkyl cyanurate.

6. A compensation of matter according to cliam.1 in
which said halogenation product comprises chlorinated
triallyl cyanurate.

7. A composition of matter according to claim 1 in
which said halogenation product comprlses chlorinated
trimethallyl cyanurate. i

8. A composition of matter acocrdmg to claim 1 in
which said halogenation product comprises chlormated
trially! isocyanurate. )

9. A composition of matter ‘according to claim 1 in
which said halogenation product comprises chlormated
diallyl butyl cyanurate.

10. A composition of matter accordmg to claim 1 in :
which said halogenation product comprises brominated: -
triallyl cyanurate. o

11. A composition of matter which comprises an lnsol-

uble and infusible product of the polymerization of from .

. about 20 to 80 parts of (1) an unsaturated linear poly-:
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ester of a polyhydric alcohol and an alpha, beta-ethyl-:-'"
enically unsaturated dicarboxylic acid having an -acid - i:-

number less than about 55, and correspondingly from:
about 80 to 20 parts of (2) a halogenation. product ob-

tained by reacting a triester of an acid selected from:the ©

group consisting of cyanuric and isocyanuric; wherein:
the alcohol moiety of said ester constitutes radxcals se-
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Yected from the group consisting of alkyl, allyl and meth-
-allyl, and wherein at least 2 of said radicals are alkenyl,
with a halogen until the amount of combined halogen is
from about 0.5 to 2.25 mols per mol of the ester said
halogenation product containing residual ethylenic un-
saturation.

12. A composition according to claim 11 in which said
ester comprises halogenated triallyl cyanurate.

13. A composition according to claim 11 in which said
ester comprises chlorinated triallyl cyanurate.

14. A composition according to claim 11 in which said
ester comprises chlorinated trimethallyl cyanurate.

15. A composition according to claim 11 in which said
ester comprises chlorinated triallyl isocyanurate.

16. A composition according to claim 11 in wh
ester comprises chlorinated diallyl butyl cyanuarte.

10

12
17. A composition according to claim 11 in which said
ester comprises brominated triallyl cyanurate.
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